(Received January 5, 1995) Fish lipid, which is characterized by its high content of highly unsaturated fatty acids, is readily oxidized during the storage of fish. Oxidation of lipid spoils the quality of fish flesh in terms of its color and flavor. Moreover, oxi dized lipid is known to affect the properties of other com ponents in fish muscle. This paper focuses on the effect of oxidized lipid on the muscular protein.
In previous stu dies, [1] [2] [3] we demonstrated that the polar fraction formed by the autoxidation of triglycerides caused the oxidation of thiol groups in myofibrillar protein of carp accompanying the change in ATPase activity and the formation of cross linking between myosin heavy chains. We demonstrated the presence of a hydroperoxy group in the polar fraction but could not identify the compounds responsible for these changes. Therefore, we could not exclude the involve ment of secondary oxidation preducts in these changes.
In the present study, purified hydroperoxides free from secondary oxidation products were prepared from methyl oleate by photosensitized oxidation, in which hydro peroxides are rarely transformed to secondary products be cause no free radicals are involved in the reaction. Hydroperoxides in the photoirradiated methyl oleate were separated from intact methyl oleate by thin layer chro matography (TLC) using the mixture of n-hexane:diethyl ether:acetic acid (80:70:1, v/v) as a developing solvent.3) Hydroperoxides in the separated fraction on TLC were detected by the potassium iodide-starch reaction. Hydroperoxides and intact methyl oleate on TLC were ex tracted with chloroform/methanol (9:1, v/v) and diethyl ether, respectively. After the solvents were evaporated both compounds were dissolved in dimethyl sulfoxide.
• 
TLC of Oxidation Products
The components contained in the photooxidized methyl oleate (P-MO) were analyzed by TLC using silica gel plates. Intact methyl oleate migrated near the top of the plate while the oxidation products gave a spot with an Rf value of 0.51 on the chromatogram.
The presence of hydroperoxides was detected by spraying the potassium iodide-starch reagent. Only one spot with an Rf value of 0.51 was positive to the test. This result demonstrated that the oxidation products contained hydroperoxy groups.
The oxidation products isolated from P-MO by TLC were also submitted to GC-MS analysis, which gave spec tra similar to those reported by Frankel et al.,8) Neff and Frankel,9) and Terao and Matsushita.10)
Effect of P-MO on Myofbrillar A TPase Activity
The change in myofibrillar ATPase activity upon addi tion of P-MO (POV, 915 meq/kg) was studied. Carp myo fibrils were treated with the P-MO overnight in ice. Figure  2 shows that myofibrillar Ca-ATPase activity changed biphasically upon addition of P-MO; a gradual increase in the activity up to 3 mg was followed by a decrease in activi ty upon further addition. On the contrary, the K-ATPase activity simply decreased with increasing amount of P-MO added. These changes in ATPase activities were in good ac cordance with those observed when myofibrils were treat ed with autoxidized triglycerides.1)
The correlation between the ATPase activity and the POV of the P-MO was examined. For this purpose, three preparations of P-MO with different POV were used. The K-ATPase activity decreased in response to the POV of P MO preparations; the P-MO with a higher POV reduced the activity to a greater extent. The decrease of the KATPase activity was shown as a function of peroxide con tent in the P-MO preparations used (Fig. 3) .In the case of all preparations, the K-ATPase activities were all plotted on a single line and decreased with increasing peroxide con tent. This was also true for Ca-ATPase; the biphasic changes in the Ca-ATPase activity upon addition of three preparations of the P-MO were also on a single line (data not shown). These results clearly indicated that the changes in ATPase activity were caused by hydroperoxides in the P-MO.
Cross-linking Reaction of Myosin Heavy Chains Induced by P-MO
In the previous study,2) we demonstrated that autoxida tion products of sardine triglycerides induced the cross linking reaction of myosin heavy chains along with the changes in ATPase activity. In the present study, we inves tigated whether the P-MO causes the cross-linking of myo sin heavy chains. Myofibrils were incubated with three different preparations of P-MO, and their protein composi tions were analyzed by SDS-PAGE.
Though the patterns of SDS-PAGE are not presented, disappearance of myosin heavy chains was accompanied by the generation of a series of cross-linked heavy chains. It was thus demonstrat ed that P-MO caused the cross-linking of myosin heavy chains. We used the decrease of intact myosin heavy chain content as an indicator for the cross-linking reaction.
The relation between POV of P-MO and the cross-link ing of myosin heavy chains was examined. The myosin heavy chains decreased in response to the POV of P-MO preparations; the P-MO with a higher POV reduced the in tact myosin heavy chain content to a greater extent. The remaining intact myosin heavy chain contents were plotted as a function of peroxide content in different P-MO prepa ration (Fig. 4) . In all preparations, the intact myosin heavy chain contents were on a single line and decreased with in creasing peroxide content. These results indicated that the cross-linking reaction of myosin heavy chains was also in duced by hydroperoxides present in the P-MO.
Effect of Hydroperoxides Isolated from P-MO
Hydroperoxides were isolated from the P-MO prepara tion by TLC and successive extraction with the organic sol vent. Figure 5 shows the effect of intact methyl oleate and hydroperoxides on the K-ATPase activity and the intact myosin heavy chain content in the SDS-PAGE pattern of myofibrillar protein.
With increasing amount of hydro peroxides, both the ATPase activity and the intact myosin heavy chains decreased. Intact methyl oleate did not affect the ATPase activity and nor cause cross-linking of myosin heavy chains. 
